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[6] Lagrange CIP (Cubic Interpolated
Pseudo-Particle Method) 1 3 (QUICK
)
1 [8] $\mathrm{C}$ I $\mathrm{P}$
2.1
2
$u,$ $v$ $x$ , y $\mathrm{P}$ $\mu(=\nu/\rho)$
$\mu_{t}(=\nu_{t}/\rho)$
(1)
$\frac{\partial u}{\partial t}+\frac{\partial u^{2}}{\partial x}+\frac{\partial(vu)}{\partial y}=-\frac{\partial}{\partial x}(\frac{P}{\rho})$ $+$ $\frac{\partial}{\partial x}\{2(\nu+\mathcal{U}t)\frac{\partial u}{\partial x}\}$
$+$ $\frac{\partial}{\partial y}\{(_{\mathcal{U}+\nu_{t}})(\frac{\partial u}{\partial y}+\frac{\partial v}{\partial x})\}+g_{x}$
$\frac{\partial v}{\partial i}+\frac{\partial(uv)}{\partial x}+^{\frac{\partial v^{2}}{\partial y}}=-\frac{\partial}{\partial y}(\frac{P}{\rho})$ $+$ $\frac{\partial}{\partial x}\{(\nu+\nu_{t})(\frac{\partial v}{\partial x}+\frac{\partial u}{\partial y})\}$
$+$ $\frac{\partial}{\partial y}\{2(\nu+\nu t)\frac{\partial v}{\partial y}\mathrm{I}+g_{y}$ (2)
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$\frac{\partial u}{\partial x}+\frac{\partial v}{\partial y}=0$ (3)






$\frac{\partial h}{\partial t}+u\frac{\partial h}{\partial x}=v$ (5)
.
$h$











$\frac{D\rho}{dt}=\frac{\partial\rho}{\partial t}+u\frac{\partial\rho}{\partial x}+v\frac{\partial\rho}{\partial y}=g$ (6)
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$g=- \rho\frac{\partial u}{\partial x}-\rho\frac{\partial v}{\partial y}$ $u<0$ $v<0$ $\rho(x, y)$
$(i,j)-(i,j+1)-$ ($i+1$ ,j+l)–(i+l,
$F_{i,j}(x, y)$ $=$ $[(A_{i,j}X+C_{i,j}Y+E_{i,j})X+G_{i,j} \mathrm{Y}+\frac{\partial\rho_{i,j}}{\partial x}]X$
$+$ $[(B_{i,j}Y+D_{i,j}X+F_{i,j})Y+ \frac{\partial\rho_{i,j}}{\partial y}]Y+\rho_{i,j}$ (7)
$X=x-x_{i}$ , Y=y–y’ (6) $x_{\text{ }}y$
$( \frac{\partial}{\partial t}+u^{\frac{\partial}{\partial x}+v\frac{\partial}{\partial y}})\frac{\partial\rho}{\partial x}=\frac{\partial g}{\partial x}-\frac{\partial u}{\partial x}$ . $\frac{\partial\rho}{\partial x}-\frac{\partial v}{\partial x}$ . $\frac{\partial\rho}{\partial y}$ (8)
$( \frac{\partial}{\partial t}+u\frac{\partial}{\partial x}+v\frac{\partial}{\partial y}\mathrm{I}\frac{\partial\rho}{\partial y}=\frac{\partial g}{\partial y}$ $-$ $\frac{\partial u}{\partial y}$ . $\frac{\partial\rho}{\partial x}-\frac{\partial v}{\partial y}$ . $\frac{\partial\rho}{\partial y}$ (9)
( ) $=0$ \tau $A\partial x\partial\text{ }B\partial\partial y$ $\rho$
$\frac{D\rho}{dt}=0$ $\triangle t$ $\rho(x, y,t+\triangle t)\sim\rho(X-u\triangle t, y-v\triangle t,t)$
$p\partial x\partial\text{ }p\partial y\partial$
$B\partial x\partial$
$\partial y\partial_{\mathrm{i}}$
(8) (9) $A\sim G$ $\rho$ $p\partial x\partial\text{ }$ $\partial_{\mathrm{i}}\partial y$
$(i+1,j),$ $(i,j+1)$ \rho $(i+1,j+1)$
$A_{i,j}$ $=$ $|-2d_{i}+ \frac{\partial}{\partial x}(\rho i+1,j+\rho i,j)\triangle X|/\triangle x^{3}$$
$\lfloor^{-}2d_{i}+_{\overline{\partial^{\vee}X}}(\rho i+1,j+\rho_{i},j)\triangle X\rfloor/\triangle x^{s}$
(10)
$C_{i,j}$ $=$
$\lceil TMP-\frac{\partial d_{j}}{\partial x}\triangle X\rceil/(\triangle x^{2}\triangle y)$ (11)
$E_{i,j}$ $=$
$|3d_{i}+ \frac{\partial}{\mathfrak{Q}-}(\rho i+1,j+2\rho i,j)\triangle x|/\triangle x^{2}$
$\lfloor^{3d_{i}+_{\overline{\partial^{\vee}X}}}(\rho i+1,j+2\rho i,j)\triangle X\rfloor/\triangle X^{l}$
(12)
$G_{i,j}$ $=$ $\lceil-TMP+\frac{\partial d_{j}}{\partial x}\triangle x+\frac{\partial d_{i}}{\partial y}\triangle y\rceil/(\triangle x\triangle y)$ (13)
$B_{i,j}$ $=$ $|-2d_{j}+ \frac{\partial}{\partial y}(\rho i,j+1+\rho_{i},j)\triangle y|/\triangle y^{3}$
$\lfloor-2d_{j}+\overline{\partial}.y(\rho i,j+1+\rho i,j)\triangle y\rfloor/\triangle y^{s}$
(14)
$D_{i,j}$ $=$ $\lceil TMP-\frac{\partial d_{i}}{\partial y}\triangle y\rceil/(\triangle x\triangle y^{2})$ (15)
$F_{i,j}$ $=$ $|3d_{j}+ \frac{\partial}{\partial y}(\rho i,j+1+2\rho i,j)\triangle y|/\triangle y^{2}$
$\lfloor^{3d_{j}+_{\overline{\partial y}}}.(\rho i,j+1+2\rho i,j)\triangle y\rfloor^{/\triangle}y^{A}$
(16)
$TMP$ $=$ $\rho_{i,j}-\rho_{i}+1,j-\rho_{i},j+1+\rho_{i+}1,j+1$ (17)
$d_{i}=\rho i+1,j-\rho i,j\text{ }d_{j}=\rho_{i,j+1}-\rho_{i,j}$ (6)
(Eulerian
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Phase) CIP (Lagrangian $\mathrm{P}\mathrm{h}\mathrm{a}\mathrm{S}\mathrm{e}$)
( 1 )1st Eulerian Phase
$\rho$
$\frac{\partial\rho}{\partial t}=g(=-\rho\frac{\partial u}{\partial x}-\rho\frac{\partial v}{\partial y})$
$\rho_{i,j}^{*}=\rho^{n}i,j+\triangle t(-\rho_{i,j}\frac{u_{i,j}-u_{i-1,j}}{\triangle x}-\rho i,j\frac{v_{i,i}-v_{i},j-1}{\triangle y})$ (18)
$\rho_{i,j}^{*}=\rho_{i}^{n},j+g\triangle t$ (19)
$g$ $-\rho^{n}$
$\frac{\partial\rho_{i,j}^{*}}{\partial x}=\frac{\partial\rho_{i,j}^{n}}{\partial x}$ $+$ $(\rho_{i+1}^{*},j-\rho_{i}-1,j-*\rho^{n}i+1,j+\rho^{n}i-1,j)/2\triangle x$
$\frac{\partial\rho_{i,j}^{n}}{\partial x}\frac{(u_{i+1,j}-ui-1,j)\triangle t}{2\triangle x}.-\frac{\partial\rho_{i,j}^{n}}{\partial y}\frac{(v_{i+1,j}-vi-1,j)\triangle t}{2\triangle x}$ (20)
$\frac{\partial\rho_{i,j}^{*}}{\partial y}=\frac{\partial\rho_{i,j}^{n}}{\partial y}$ $+$ $(\rho_{i,i+1}^{*}-\rho_{i},j-1-*\rho_{i,j+}1+n)\rho^{n}i,j-1/2\triangle y$
$\frac{\partial\rho_{i,j}^{n}}{\partial y}\frac{(u_{i,j+1}-u_{i,j-}1)\triangle t}{2\triangle y}-\frac{\partial\rho_{i,j}^{n}}{\partial y}.\frac{(v_{i,j+j1}1-v_{i},-)\triangle t}{2\triangle y}$ (21)
, $\frac{\partial\rho_{i,j}^{*}}{\partial x}$ , $\frac{\partial\rho_{i,j}^{*}}{\partial y}$
( 2 )2nd Lagrangian Phase
CIP $H$ \rho $\frac{\partial\rho_{i,j}^{*}}{\partial x}\backslash$ $\frac{\partial\rho_{i,j}^{*}}{\partial y}$ $\frac{DH}{dt}$
$\triangle t$ $H(x, y, t+\triangle t)\sim H(x-u\triangle t, y-v\triangle t, t)$
$\rho_{i,j}^{n+1}=F_{i,j}(x_{i}-u\triangle t, yj-v\triangle t)\text{ }\frac{\partial\rho_{i,j}n+1}{\partial x}=\frac{\partial F_{i,j}}{\partial x}\backslash$ $\frac{\partial\rho_{i,j}^{n+1}}{\partial y}$
$= \frac{\partial F_{i,j}}{\partial y}$ (7)
$\rho_{i,j}^{n+1}$ $=$ $[(A_{i,j}X+C_{i,j}Y+E_{i,j})X+G_{i,j}Y+ \frac{\partial\rho_{i,j}^{*}}{\partial x}]X$
$+[(B_{i,j}Y+D_{i,j}X+F_{i,j})Y+ \frac{\partial\rho_{i,j}^{*}}{\partial y}]\mathrm{Y}+\rho_{i,j}^{*}$ (22)
$\frac{\partial\rho_{i,j}^{n+1}}{\partial x}$
$=$ $(3A_{i,j}X+2C_{i,j}Y+2E_{i,j})X+(G_{i,j}+D_{i,j}Y)Y+ \frac{\partial\rho_{i,j}^{*}}{\partial x}$ (23)
$\frac{\partial\rho_{i,j}^{n+1}}{\partial y}$ $=$ $(3B_{i,j} \mathrm{Y}+2D_{i,j}X+2F_{i,j})\mathrm{Y}+(G_{i,j}+C_{i,j}X)X+\frac{\partial\rho_{i,j}^{*}}{\partial y}$ (24)
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$X=-u\triangle t\text{ }Y=-v\triangle t$ $\rho_{i,j^{\text{ }}^{}*}\frac{\partial\rho}{\partial}i$$x^{\dot{L}}* \text{ }\frac{\partial\rho_{i}^{*}}{\partial y}.\dot{L}$
(11) $\sim(17)$ $\rho_{i,j}^{n+1}arrow\rho_{i,j^{\text{ }}^{}n}\frac{\partial\rho_{i,j}^{n+1}}{\partial x}arrow\frac{\partial\rho_{i}^{n}}{\partial x}\dot{L}\text{ }\frac{\partial\rho_{i,\uparrow}^{n+1}}{\partial y}arrow\frac{\partial\rho_{i}^{n}}{\partial y}.\dot{L}$
1st
$u<0$ $v<0$ $u\geq 0$ $v<0$ $F_{i},$’
$(i,j)-(i-1,i)-(i-1,j+1)-(i,j+1)$ $u<0$ $v\geq 0$ $(i,j)-(i+1,j)-(i+$
$1,j-1)-(i,j-1)$ $u\geq 0$ $v\geq 0$ $(i,j)-(i,i-1)-(i-1,j-1)-(i-1,j)$
$u$ , $v$ $u\geq 0$ $i+1arrow i-1$
$\Delta xarrow-\triangle x$ $v\geq 0$ $j+1arrow j-1$ $\triangle yarrow-\triangle y$
2.3
2 $F$








$p=p_{0}+2\mu n_{i}e_{i,jj}n-\gamma I\mathrm{t}’m$ (26)
$\mu$ $Po$ 2
$i=x$ , y (25) (26)
$2n_{x}m_{x} \frac{\partial u}{\partial x}+(n_{x}m_{y}+n_{y}m_{x})(\frac{\partial u}{\partial y}+\frac{\partial v}{\partial x})+2n_{y}m_{y}\frac{\partial v}{\partial y}=0$ (27)
$p-2 \mu n_{x}n_{x}\frac{\partial u}{\partial x}+n_{x}n_{y}(\frac{\partial u}{\partial y}+\frac{\partial v}{\partial x})+n_{y}n_{y^{\frac{\partial v}{\partial y}}}=0$ (28)
(4
5 $\mathrm{O}$ ) (45 $\mathrm{O}$ )
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3(Fig $1\mathrm{b}$ ) $a=2.5mm_{\text{ }}b=$
$45mm_{\text{ }}d=5mm_{\text{ }}\rho_{0}=1.0g/cm^{2}\text{ }$ $\rho_{s}=1.1g/cm^{2}\text{ }$
80 $mm_{\text{ }}78$ mm
$a=2.5mm_{\text{ }}$






















2 ( ) $\cross(\text{ })$
.




$\ddot{X}=a\dot{X}-b\dot{X}^{3}-CX$ $(a, b, c>0)$ (29)
(Fig 5) $+$ (Fig 4) $V(=$
$\frac{\partial X}{\partial t})$ 20$.5\dot{X}-57.5X$ (29) 1 3
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